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Abstract of JP9225449 

PROBLEM TO BE SOLVED: To provide an effective and efficient method for biologically reducing a 
solid containing Cr (VI) there and then without excavating the solid. SOLUTION: The method is for 
biologically reducing the Cr (Vl)-containing solid there and then and includes that an organic material, 
bacteria, a nutrient, an inorganic acid or base of the quantity enough to keep the mixture to pH 6.5-9.5 
and water are added into the Cr (Vl)-containing solid and the Cr (VI)- containing solid and the additives 
are sufficiently mixed there and then to reduce Cr (VI) to Cr (III) there and then. And the adequate 
quantity of the additives necessary for reducing Cr (VI) can be previously fixed by analyzing the Cr(VI)- 
containing solid. 
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Title: 

METHOD FOR BIOLOGICALLY REGENERATING A SOLID CONTAINING CR 

(VI) THERE AND THEN 

Abstrsct" 

PROBLEM TO BE SOLVED: To provide an effective and efficient method for biologically 

reducing a solid containing Cr (VI) there and then without excavating the solid. 
SOLUTION: The method is for biologically reducing the Cr (Vl)-containing solid there and 
then and includes that an organic material, bacteria, a nutrient, an inorganic acid or base 
of the quantity enough to keep the mixture to pH 6.5-9.5 and water are added into the Cr 
(Vl)-containing solid and the Cr (VI)- containing solid and the additives are sufficiently 
mixed there and then to reduce Cr (VI) to Cr (III) there and then. And the adequate 
quantity of the additives necessary for reducing Cr (VI) can be previously fixed by 

analyzing the Cr(VI)-containing solid. 
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(57) [Sift] 

[IKE] IIfr£«HWft£fcfc<. Cr(VI)-*frOll 

A7f'JT, **$L a^BKO pH i 6.5*V*L9.5tf> 

%X'+Mzm-&l*tlt l Z£'oXZ<7)mz&tt& Cr(VI) 

<0 Cr(lli)^M7C$rtT^I>C:fc$r^^. 

& Cr(VI)-#:fr|lfr£#trrLT. Cr(VI) Mjc£&Kt 
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imumi] cr (vi > s^mm *<o*T£*w(da 

Cr(VI)-**H*te, ftfttm. A7f'J7, 5|t§&h 
8&»*> pH i 6.5&OL 9.5<mMmt&<r)(Z+ft 

r (vi ) -^tmRt/mmi *o%r+#fcate l **i 

t«t-»T*0«ttJ»t4 Cr(VI) O Cr(III)/\<9jl7c£ 
tf . 1 Xi4 2 tc:iemo^. 

tii. rnm.A\,zim.<r>-mk. 

mXW] A*^-fUT3^^Hffi(Escherichia coli) 
5r *tf , IWW 1 - 6 *H vf ftfr 1 JSfcf BIiO}ji£ . 

[m#88j crm)-m®mz<7)m'£Mmzn 
nm?& crm)-tt®mmix . chvd »cfc 

d^ft»#JW3&4£&5£-f.g>.ri: ;Cr(VI)-^ 
6.5&l^L 9.5<flglliZMmti>ZLb. ffi/iZ Cr(VI)--^ 

^r^a^asanffl*+»ta^UT<to*fc:*i*t6 c r 

(VI) <OCr(Ul)^0)mt^b^lZ\t^ti^m. 

tooo 1 3 

i ±su mmmRvmmziztsmfa* to 

STUn situ) ttfc. *fKB 

l± Cr(VI)-^il^$:-ec7)^-C'Ma-ri»^T'^oT, 
G^**^!)^tia^6Hfife^4jMWr<Cr(VI) W Cr 
(III) fc:41fjWfcB£$ <t4*tfcfc:BW* . 
[0002] 

immtmnmm cr(vn #?ial 

I). <Tft£>c7) Cr(VI)-£3roEflJte, Cr(III)- 

tetttf**. crtvD-^qirgaeftoio^-fT-fctr 

CrdlDgS^S- Cr(VI) £IWfcS-frfc«te*»tt Cr(V 
I) tt*^EjK>MliIi*4i:l^ ftKW&?nA& 
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tfEABCgHE (COPR) tt. *B£$ritaW>fc*>fc Cr(V 
ttJfcTo-fe^CTK (CaO) Soffit 

[0003] mmmziicr mm copr io.ooo 

£20, 000 mg/kgc7)®ffl<7)jftgT'#St. £ Cr <Do*>?) 
Cr(VI) 77?ya>liHftl: 1% fr£> 13J0>«BTC* 
U)>L&#£>. COPR A«fl!w>1Mti:fi£3ivO^ 
t. \%%m*<?> Cr(VI) OAi&g<D7 7 

a^fctT. ±%<$mth. cr(vo«tt % 4»&ai/r 

/^Utt<OpH-C*BHtfti: LTifclttSCrdll) hib^ 
4fc#*t7|c»tt3W«V^ Cr(VI){i. ^tt^f^y 

btth Cr(III)fc»4ffiBW(C. *4»"C«flfctt>f * 

v (T-*y) tLxmklzfr&th. i)^y\t±m 
^x-i&m^yt^.mtLhtiK T-xyittti**) 

i>±mwzMf&&mmm%m\<\ cm) 
izmmt&mmtfrZcvm^mfaizht) . crdin u 

fflttWfc «T*tt i: #»tt#ffiV vfttofc* h . Cr (VI ) £Cr 

(in) tft^s-frSifctt, «**fc?nAj&%Brt-& 

[0004] Cr (Vl)OCr (1 1 1) ^c7)±«J>l7G«:lli^ 

ftRtsmmzh \^xwmtix\^h. xm^mmm 

*m±*T¥W,&^<V\979i£cr>ffl38mx\ t^^X(H 
iggins) (S Cr(VI) cOCr(III) ^\^4^Wl7CSt^-?-iX 
IzM < ^oHiAfcov ^ flWf Lfc . i <nmM 

it. cr(vi) w ca z$ts>mm®*w&mm(v±M 
izwmn*.t txmm^titz^^mT^^m^mco 

W&IZ& 0 , «± Cr(VI) **±*&7A(fi*eifca 

ars^. J WTi«l«[«lJ<o cr(vi) »K*<«iH-sc: 

7nA|Jji Cr(VI)^Cr(III) ^ 
^Xtt^H^B«^^ 4: led: I. b Ztit:. A7f'J 

<m)izxr>xm&ztiti. 

I 0 0 0 5 ] h y t> (Lupton et al . )^*ffl#It^ 
5,155,042 ^{i Cr(VI)-**H», t *)h\i COPR <7)^ 
^S^59-ri)iWS)l), dO^ST'. Cr(VI){±, h 

hwazmm* izm&mmz&A im-<mmfrt>m& 
mmmMx. msmmm^T-vr. 

tim&<r>±mKfe®%s*X'mmztiz>. zcr>Km®% 
Qxxrmm&wmiz cr(ni)t=a7csn. -eoa* 

Hs*§fi4. »:v^-C pH $r 6.5^v^L 9.5fc«Wr6J: 

znmm cr(vi)-$tm*wznffimz-£xm??& 

Cr(VI) c7)^c7)iiT'<7)ji7C^tX?Sai$:{J|3t-ri». COPR 
(2 pH £6.5 fc^L 9.50©fflfcffiT$*l)Ofc+4r^ 
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ZZblzX*) P H am«£ 9.5W±£±M-tlb\ii 

tz. CDPR*m®ft Cr(VI) jftKJi 200 mg/1 IHi 

T3&«ea§nffiHfW8[K*s«t3c«fl:$^ ph 

fc4s»t**M88BfcJBvvc Cr(VI) £ CrdlDlcjfTC-r 

[0006] ya^-f -y •yf'W (Schwitzgebel) ff>% 
[IRf 1*315, 285,000 #14 Cr(VI) TffiJfeSflrt^**)-?- 
*>#C<in situ) <7>flSlS«!fflfcWt-St<0-Cib6. ^CO 
*Sli«ffi«cai-ft**l»«*fflV^, Cr(VI)£ Cr(II 
DOKcU fc&ft* Fe(0H) 3 &l/ Cr(0H) 3 £fl!!CDfi& 

•CAHW<oaaj*^S-fr4. *-$*;H>> (Kigel et a 
1.) <3#HWft*5, 304.710 mt. 9*J4tR90BlKV 

m&tvk±m*. mat. flsw«i7c, +*at^3cJ6 

oTfl#Wfc*M't4-tO«ia^ , C<0(ex situ) 
rn-feXfcRt*. zm&Mt. ±*»» ; pH 3J21T 
^<0Ktt£ ; SMftffi£fflvvfcCr(VI)«> CrdlD^coS 
7C ; oKTlVt) VVEUmzJa h pH ±fflBM ; 

£i&#tS£®#as*&fcL -fc.xyK -te^yhJF 

[00 07] X?>7*—X(> (Stanforth et al.) (7) 
*li#ft3S5,202,033 mi Crm)X-mkZtlt:±m<7) 

V-t LXfk&MS i (infiltration gallery) £jlt 

it : &ia wmmmz^mm* 

(auger) * jl tXM*. , flWRWfcS^ti £ . 
[00 08]«K+£»£«il$^£fcfcJ:4 Cr(V 

h\-ttt*>*>s mmwbKmixm^E^m 
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»t& pH ttMiUMIJ:»)iffi<&oTL*v\ &A£ 

6.5 fr^L 9.5<oa* P H «Hfc:*4*«i«i^ 
k'ftv\ ifc, WMte'<?TVT£ Cr(VI)-^OH^ 

mwzftm#&Mmmem\,Vjmx'*)Z. >vr 
u TMffi&tz x ixm*m£ztimfatf*>z> t 

ffl*»rc) *W»<o«Wfc:*'), ifi&g?) cr(vi) t 

[ 0 0 0 9 ] )Vy Y y h (Lupton et al . ) <T>^Wm% 
5,155,042 Cr(VI) aRfcfcft*«|JBi7CA*?Ty 

7^uf (Defiiipi) j^RgH«?&ifiaift«aM:<o 

(D.L.Wise and D.J.Tratolo) M) OfTBIOT**, 

HzSZmkl. H 2 S *^^T' Cr(VI) bKJBLX ZLtlZ 
CrdlDtC^TCt. Cr(III)*i>kK^aA(IlI) L 

xtmt&ztzm&iiz. z.?>imx'f5Mb%t-5im 
m i hz>cr>im\t#AX'$>z>w 2 s co^-c**. 
looio] «w*if£#£tt, ^Ja^aiTc-rs torn 

t\-W\?TVTtf Cr(VI) <7) Cr(III)^OS7n{;*>^T 
^KTC*4ii:**LXV^. t^yX (Higgins){±. 

UT^Cr(VI) *»cf4ii:^Lfc. 7*W?<b 
(Blake et al.) {J, Environmental Geochemistry and 
Health . 15^(7)2. 1993^. cr> rm.9tfflm»m* 

mhtitzis*.- v^i-xmmz x im&&m<wt¥&> 

^Mi X\ ~> 3-— V^i-X h 7 4 U T (Pseudomo 

nasmaltophilia)ffl^i9f^t^. ^<0Kib&»fe, r Cr(V 

I) ^jSTcA^-^a^oAKjBTC^tcJ: VMMZti 

( Enterobacter cloacae) fcOV>"Ctf)3f— frBOlf^— 
Cr(VI) fcJt^WfeaKcfiifc^JiajSfLfe. jl7U$ 

iifc^aAii^oa. *®&<7>&m*m<mbLxim 

Liz. jWi^oWH**^. i^Rj6fc*tff * tv^ pH 
# 7-C*S £ i: r 6 m? uJ*0>OmteBiXf 

^*c7)^y>C04^W^"&J . Water Science and Tech 
nology . 25^C015. 1992^, k . 

[001 1 ] 

t&WW&f^iiS] ft^X. MftZMMt&Zb 
i: tWTmmtzM&rt i k , Cr(VI)-^ 
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[0012] 

o> tmfrt>wmxii±mzMm<zb%< cr(vn- 

^x-mmizm^thtmx^x. chvd # cr 
(ni>fc3i7cs<irH*+<o cr(vi) m&ifimmmm 

£ Cr(Vl)^rfflfMcin;LT8£fttf> pH £ 6.53rv^t 
9.5*>|fHc8B*U f^-e^T'+^H^ LT Cr 
(VI) frfc Cr(III)^)4ftfl«B7C*ffi3frfSC:i:*-* 
tf. 

[ 0 0 1 3 ] WW? r ? ?-cr>*X'i>*$pm. @flc+ 

co cr(vi) «a*«^$*4fcw^ai*ff3fBsa t $r 

o t < mttmz cr (vi ) -%^wkv>*Mtm$L* * 
x-mutt ztwx**ht\^ wm&&\ ^v^. s 

i^+KA'^f'JTM PH £ 6.5fcV*L 9.5<Diafc 
^feai^tftCfcCt-jT. ^a^O+'C Cr(VI) 

cr(in)taBc$*ii;i:*«jiaBs*iTv^. -eoig 

COPR&tf COPR Sr*tf»&fttf>J: 3 2r Cr(VI)-£# 
[00 14] 

hzt%<. xte*<?>mmz&w l mi l zftozb%< c r 
&. zwjmz&wi. wmm* cr(vi)-*^rtm 
mm. wvTVT4&<r>mifb&* ph mmmz 

[ o o 1 5 1 u Tat^fi«tmoas*]icRt: 
a. mm. vm. mwm* 1 ? ztit><?> 
mmm%«?)zm%rt?TV7 <mz. cr<vn»c 

fc^"Cft4ik*«Jiaj3*l"CV^*»l[(Escherichia 

con)) ife&tii. ziibatfmm&ffiMttf* 

Cr(VI)-**BMc<0|l7L*4»O Cr(VI) aftttfimFff* 
fet. £ft4>C0ttf*<0¥iltt1ite s Cr(VI)C0 Cr(III)^ 
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[ooi6] wmme>m*dii . r u r<o£ 

jfoWBS* : Htt4«OCr(VI)#?£»¥U 
»c$#i4fl:^ft041W«iTO&«lf*>*ift. 6.5 

9.5co^\co ph lis, -ttr&*#o$yjn. 

[0017] *^BJcO»W3i7C*aT'{±. A'?-f'J T 

9.5£0^co p h *^ISBIi^6<ofciJ5^«iaHKXJi 
«SO*£fcje*-*fc*>fc: Cr(VI)-#^rfflft(7)«ftt^ 

a«£*<o ph stasia 6.5#>£> 9.5<o«HtiB!rt-«. 

>y o &*Tl8tm£. *<9*§T' Cr(VI)- 
**HI*fclais **W4M!W5rffi*«t§*T Cr(vi) 

CO Cr(III)AuO»c*ffi>*4. ^c7)^W3l7t*acO 

»KWH<0 pH *i 6.5*^ 9.5cO^«H#$ilSC:i:^ 
Wm®Z Cr(yi)-k%®ftbZ<?>m'+ 

Mzm-&ixmmz%)-btz>. m^t. m*.ii<p®Hi 

omm^mzx -ox^x^xw 

[ooi8] ^mmmx'H. cnm-^^mxit 

±mz zvmx'fcmw t mmtzms i . mufisjm 

$sbLX®<. ZtilzX*). ffi%Xtetm7y>h<V£ 
<£.t5\rC£*)ffig&BU&&ffitzlh£. Cr(VI)-#^El 

mmwit. &^x^mmmizv!&-?&<m%i 
tz. *a<t) crm)^im*iz&mm4L&v cr(vi> 

[0019] wax*nimM&mm£&v cr(vo 
Miti*. iZTcommz* ->xmmt& z b tfx-z h . * 
^yr;p*±«x{i«fi*»fesaRL N cr(vi) N P mu 
(T]s-h*vybmiz£&) imix*k 

fi«a^®««^»9->rn'*«Wt % ^: Cr &tf Cr 
(VI) . MtXt#^ti/-Mft^'7y^^^«fLT, Cr(V 
DO &(III)A^Eftft^ Cr cO«#*i^$ilTV^ 

[0020] 

o T , ^X(i^lt^O|gffl$r RBS-f & i i: *imt 
yf— : JH. ttfcftJ6Sii*v*0, Cr(vi)-*WHft 
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[00 2 1] 

tun 



£1 


*t ** 


Cr 


Cr 
(VI) 


P 


TKN 


COD 




PH 




(■8/kg) 


96 






15 


10 


8.600 


2 


735. 000 


48 


8.6 




25 


<80 


9.780 


28.000 


1.430.000 


14.1 




ft K 


27 


8 


250 


10. 700 


1.150.000 


62.8 


4.4 


COPS 


7.970 


3.520 


250 


300 


34.000 


80.8 


11.1 



[0022] Mmmzmm ttz 

1. ammz+fttisfeix vuv+nmzmi. 

2. mKm>r>vzn«<r)m.<7)jmfc. ffi@m 
zizmtbt:. 

5. «fle?yr/U£fi«)teP0»£JBRU Cr(VI) , P H 

Ri/zmm®. (ru-hA^yhmiiZXi) iz^x 
muz. 

6. ^mm>7)v*im.L. zmft (fi*a#y 

» . COD , Mtffc£Cr&tf Cr(VI) fcOWCtfflfL 
[00 233 7. #?A£$£|LM& 20 T'ft 

8. ^yr^^^A^^aajLTfiiK 

U Cr(VI) . pHftV«4«J»fcO^T*#Ufe. #7 
U ±CrRtf Cr(Vl) fcOWC#$fl,fc. 

CI RV C2 fcttW^HKfcJn*. Cr(VI)c7)l5U^jl7C 

rttTVTiznt&mitmfu&vn&cDnmR 

Uz. 

[00 24] 
[«2] 
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NIK 

s 

8 

4H 
< 

■ft 



■fa 

*ft w 



ftlU 



It 
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CO 
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WW 



4141 



I I 
v ^ 

N N 



aw 
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oft* 
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KfcJ: 0 , 1 nifcli^nrts i fc fc i cop 

R Cr(VI)- ^Hfr?) P H $r^^ Cr(VI) C7)±!$jtftil 



[0026]* 



8 3 



* 7 U 


m te is 


1 *J3» 


2 *£& 


3 *J!tt 


4»£& 


5 ftfltt 


7*B$ 


9 *£& 




CO 


6. 8 


7. 7 


7. 7 


7. 7 


7. 8 


8. 0 


7. 9 


NM 


7. 6 


C 1 


5. 6 


7. 6 


8. 1 


8. 1 


7. 8 


7. 7 


7. 5 


7. 5 


7. 5 


C2 


7. 6 


8. 7 


9. 1 


9. 2 


9. 4 


9. 6 


NM 


NM 


8. 8 


C3 


7. 0 


7. 5 


8. 7 


8. 9 


9. 0 


8. 8 


8. 0 


8. 1 


8. 7 


C4 


7. 6 


8. 6 


9. 2 


9. 3 


9. 4 


9. 7 


9. 5 


9. 3 


8. 5 


C5 


8. 1 


8. 9 


9. 3 


8. 7 


9. 1 


9. 0 


8. 6 


8. 9 


8. 4 



NM=W£i*r 



[ 0 0 2 7 ] £4«. *tI»tfilSft«O8*<0fi£!ft£fl- 



fltSafflU **0 pH (pH 6.5*^ 9.5) 

PSL£i§£K, A*?f ureas*** copr 

u co ci yu Pi»fciffiv^"l«R , cil»&s<i 

WfflKll. ZtUZhtt><te;VrVTtf COPR 
m%.<?) Cr(VI) liZMJfct&'&^tfbifztztbThZ o . 
C4ttHia*^f«t3l3&»-jfe. Zcr>*jyJ*it£fz P H #fc 
iiS< <t0MMi8l<O(S2:/^2f (z^oX 9 J: 9 
fc) , coifcttK^ pH # Cr(vi) i OiSSv^ttS 

^<ffl^fc*7A (C5) TfcL fktftJF^^rUr* 
**ftfirS*ifc. pH#e-?nrc 9.3^"C'±^^*\ C2 
ittefc^rUriM^Sfifc. 

[0028] 

[*4] 



"8 

\ 



A 
*> 
•ft 

s 
« 

JS 



o 



3 



[002' 

Patent provided by Sughrue Mion, PLLC - http: 



9] &5fci«?bK't'<0 Cr(VI) »K£j*U & 

i ://www.s ugh rue.com 



(7) 



ftBS 3 P9-2 2 544 9 



(co) r-9\t. wmmmtxmm^iw^ 
■fur^w^jiJgfcffijiL^ -e^m copr *o 

Cr(VI) #WI:fcjl7c£ftl> i:v^di: b 

[0030] mmx'Umu^yrMi^x. miu< 
cr(vi) mmm. &iiimzM7iztitiztz*i 

fc. ijv-L C3 Rlf C5 c7)$ffl?bK (f<5 ) T'Ji, 4 



msMRxvih-ffrizmK*^. ^7A(oio (c 

4) (4, pH*^<. *^J£3I ^T^tUT^^ 

* Cr(VI) {4^ti5^#3fiX{4JMT^Ji^LTV^. l 
Wtl ^L£#7A*>A>0|I]ftcffl Cr(VI) Mi 
£T (£16) 100 mg/kg ck0iffi<. C4l^M££T 20 
mg/kg mtamnx 0 iffifr-?*:. 9 yJ^^mL* 

^O^yr^TIi, tjyA. (2RX/ C5 Cr 

(vi) *§jgti-e*i-e*i 6&ix 8 ng/kgnmnmRx 0 

[0031 ] 
l$k5] 



3*5 



[00 32] 



* 7 A 


m te Nr 




3*fl# 


4 *J§& 


5*flft 


7*jm 


1UJ§& 


i2*;m 


C 0 


1,880 


1.210 


1.460 


1.360 


1.390 


1.360 


1,270 


1,300 


C 1 


216 


462 


689 


.630 


660 


640 


560 


650 


C 2 


309 


795 


40 


2. 79 


€.13 


<0.01 


0. 02 


0.02 


C 3 


505 


647 


| 18 


<0. 01 


<0.01 


<0.01 


<€.0l 


<0.01 


C 4 


837 


782 


188 


101 


51 


17.3 


2.37 


0.16 


C5 


629 


608 


5 


<0.01 


<0.01 


<0.01 


<0. 01 


<0.01 


] [^6] 




3c 6 

#7AR«@t*fflCr(VI) St (D«/kg) 


* =y U 


H ft 19 


1 *£& 




4 


5 *£a 


7*Ji» 


9 *J3» 


11*£» 


CO 


2,750 


2. 620 


2. 670 


2.400 


2. 100 


2. 400 


1.800 


2,200 


C 1 


982 


1.770 


1.700 


1,700 


L500 


1.700 


900 


1.800 


C2 


817 


988 


163 


145 


80 


20 


< 6 


<20 


C 3 


1,490 


936 


429 


58 


15 


<10 


46 


<20 


C4 


l r 530 


1,580 


915 


250 


67 


60 


61 


70 


C5 


1,770 


885 


419 


28 


< 8 


<10 


< 8 


<20 



[0033] £<okbj&^ crmisumftzzv® 
xmmjt-t h *WR<viimtfmmzm^&x'h 
hc\t tfmnztiti . cr (vi )-£#®ti«7) p h imwm 

ftji^KH (6.5 j&»4> 9.$tz§mi-izktf'c*i. 
mm® (mL^mMRV%mLizWiM.mzmfch:% 

4>£OA*^f l>T»i 2,000 mg/kg$:S^^ Cr(VI) 
JiiG-ri.d:*^'^. *fc Cr(VI)-**H«c(f^) Cr(V 
I ) *§U££M^£ *i Xhh oZb tit: . «g$& 

^kJt«W4k Cr(Vi) Mjttfi* <0M<.ftfrtLtz. 

[00 34] mmm2 

nmth crm)-tt®mmmzimLx . c r (vn- 
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**H«K0 Cr(VI) jlTCfc^&^OS'JcDjf 
$6LTiJ:t*. BtXtifflfeOsBRMfcL Cr(VI)-* 

4. 

[00353 mmicommzmima. &Mmm< 
-xx crm-ttmmzttixmmtf a «n 
rxu&£# 2% *mbztt>ti&. xmwmi. 
\,ztoixm«<tymv-v\,zftmLx, wehmrym. 
mmomm *®%izt& zbi>x*h. mmtzntz 
mmnm&w&t&b* mm* crmh^wbiz 
MzM-stk. mm<7>mmmztit><o cr(vi)-#w 

®#b (DM^li. £%.it/®mtv>tzMzXY7y(poz 
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[0036] #^HH£f Offi-f £ » fcj; oT. am» 

mx'mvjm&x'ftmn cr(vn 3B7c*«»wtitjaw- 



fr(in)JK^fl^**trffiiii^o«fc:*m*»lt 
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